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npo6neMa noBb!W8HVIF! T8Mna YCKOpeHVIA 3BPFIH<8HHbiX LJaCTVIL\ B o6-naCTVI CBePXBbiCOKVIX 3HeprVIil! CTJ.·1MYI1VIPY8T nOVICKVI M8XaHV13MOB, npvtBO,QAI.l(VIX K nOilYLJ8HVIIO 3Jl8KTPOMar·HVITHbiX 6eryll.(VIX BOJlH C BbiCOKOC1 HanpRH<8HHOCTbiO nOJlFI. 0,QHV1M 1-13 TaKVIX M8XaHVI3MOB MOH<eT 6WTb YCVIJl8HVle npvt ,QonJlepoBCKOM B3aVIMO,Q8ii!CTBVIVI nYYKa C BOJlHOC1 8 3aMe,QJlAIOI.l(8C! CTPYKTYpe. PoeT aMnilVITY.Qbl r10JlA BOJlHbl, npl-1 Ham1LJVIV1 BOJlHb! HaKaLJKVI, orpaHVILJ!-1BaeTC.A, KaK t13BeCTHO, H8JlVIH8ii!Hb1Mt-1 3¢¢eKTaMVI, npVIBO,QAI.l(VIMVI K HaCWI.l(eHI-110, T.e. K 3aXBaTy 4aCTVIL\ nOJ18M BOJlHbl H BbiXo.QY Ha nnaro non.A /1/ . YeenV!YeHVIe noreHL.J,V!ana 3axeara npVIBo.QvtT K poCTY HanpRH<8HHOCTVI 3Jl81<TPVILJ8CKOro noJlP. HaCbHJ.~8HHR 1-1 COOTB8TCTB8HHO K pocTY 3¢¢eKTVIBHOCTVI CVICT8M~ KaK YCHJ1HT8Jlfl KOne6aHVIC1, np1-1 cosna.QeHVIH HanpaeneHvt~ ABHH<8HVIR nyYKa 1-1 sonHw /nonyTHafl sonHa/ poeT noreHL\Hana 3axsara B03MOH<eH TOJlbKO 3a C48T Pa3HVII..Ibl HX CKOPOCTei1 H, 048BVI,QHO, orpaHHLJeH CBepxy. 3TO orpaHHLJ8HV18 CHV1MB8TCA npH B3aHMO.Q8C1CTBHH nY4Ka CO BCTP8LJHO~ BOJlHOi:1, 4TO n0380JlFI8T CYI.l(8CTB8HHO YB8JlVILJVITb nOT8HI..IVIaJl 3aXBaTa VI T8M CaMWM npo,QBVIHYTbCA 8 o6naCTb B8CbMa BbiCOKO~ HanPRH<8HHOCTVI nonA ! 21 • 
8 HaCTORI.l(eil! pa6oTe VI3Y4a8TCFI 4V1CJ18HHbiM CnOC060M P830HaHCHblt1 M8XaHVI3M B3aVIMO,QeC1CTBV1FI 3Jl8KTPOHHoro ny4Ka CO 8CTpeLJHOC1 6eryll.(8C1 E -aonHoC1 c y4eTOM HeJl!-1He~HbiX 3¢¢eKTOB. PaccMarpVIaaeM 3aMarH~LJeHHbl~ penATVIBV1CTCKVIC1 aneKTPOHH~C1 nYYOK 8 CTPYKType, 8 KOTOPYIO nocTynaeT MO~HOCTb OT BHeWHero VICTOYHV!Ka. XapaKrepVIcT~KO~ ~croLJH~Ka RanneTcA j

8 H -nnorHoCTbyToKa BH8WHero V1CT04HV1Ka. 3AeCb V1CnOJlb3Y8TCA annapaT, Pa3BHTbl~ B /3/, B H8CKOJlbKO MOAV1¢VIU.HPOBaHHOM BI-1A8. CaMocornacoeaHHaR CVICTeMa ypasHeHVIC1 nYYKa H nonR V!Meer BHA 
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rAe V0 ~v = {3 c, j =p v =en v • .y =(1-(3 2)- 1 '2_ cKopocrb, z e e ee ee e e 
TOK, ~ P€f1RTHBHCTCKM~ ¢aKTOp ny4Ka" 

a a a "' a nepexoAHM K nepeMeHHQ~ rj; : --·= (U- - ~- -- r,Qe (Ll, at a .p' a z v a"' ' 
V = (3c - L18CTOT8 H ¢83088FI CKOPOCTb BCTpe4HOr, 80f1Hb1 

(1/J=rut+-c:!_z-t/; ) , np1.1 3TOM C41.1T8€TCR, 4TO V= -V =Canst, V I z 
!.{J

1 
= Canst - 11$a3a 11 I-1CT04Hit1Ka. Hcnof1b3Y€M 1.1HTerpanbl ypasHeHI-1~ 

AI:H1meHit1R 1-1 HenpepblBHOCTH: 

(f3o+f3) 
y' + 4J=·y' 

e 0 
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rAe n 0 , (3 0 - 3HaYeHI-1.A nilOTHOCTYI VI CKOPOCTI-1 ny4K8 1 npl-1 r/J = 0, 
Y~- Yoy(l + f3f3o) ¢ - noreH4H8IlbHaR ¢YHK4HR, CBFI38HHaR c Ez 

COOTHOW€HI-1€M 

3Aecb y~(1-{3 2 )-11 2 

{3 + f3 e 
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{3' = ----- CKOPOCTb 48CT\.1LJ,bl B Cl-1CT€Me KOop,Qt.1H8T, CBFI38H-
e 1+f3ef3 

HOM c sonHo~. 3aMeTHM, 4TO AilR nonyrHoro ABHWeHHR Y~ = • ~ y y ( 1 - {3 f3 ). 
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ap. p 0 (f3 0 +f3) a{3. -.- ~- ------ ~- ef3E 

----~--

noACTaBn~~ /4/ B /la/, nony"~M ypaBHeH~e 
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nycTb jBH=-j~H Cost/;·f~~)(r) • r,o,e f~~)(r) co,o,epm~1T O,O,Hy ¥13 co6CTseHHbiX illYHKW~i1 (R1 ) onepaTOpa L . nono>t<~M E~:SEn(0)Rn(r). 
n 

Bbi,Qem1M 1-13 scero PRAa o,o,Hy rapMOHVlKY, E 1 -Pe30HaHCHYto, P2AYLIV1-posaHHaA /c Y48TOM TOKa nyYKa/ YaCTOTa KOTOPO~ COBna,o,aeT c yacToTo~ BHewHero V1CT04HV1Ka. B crpyKrype 
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PeweH1-1e ero nP\.1 Ha~anbHOM ycnoB\.11-1 r/' = 0 , E "'EH 
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E ""~-"-
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( 0 Cos 0 -Sin ,,, ) + E Cos 0 . 
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KaK Bl-1,QHO l-13 /9/, HanPFI>I{€HHOCTb nonR a CI-1CTeMe /npl-1 8 << 1 I 
pacTeT nl-1He~Ho no:0;(0<0).~To xapaKTepHo ,QnR o6~~Horo peao
HaHcHoro B036Ym,Q€Hl-1A BOflHOBO,Qa. 3aMeT\.1M, ~TO 8 QTfl\.1~1-1€ OT 8Q3-
6y~,Q€H\.1R Ha H€YCT0~~\.180CTI-1, 3A€Cb HaKa~Ka MO~HOCT\.1 OT \.1CT04H\.1-
Ka 1-1,Q€T 8 YCTO~~l-1By~ rapM0H\.1KY C\.1CT€M~. none HapacTaeT B,QOflb 
pacnpocTpaHeH\.1R eonHbl" Bem14\.1Ha pe3oHaHcHoro ToKa, onpe,QenR
eMoro 1.13 ycnoB\.1R /7/, 6y,qeT 
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flR€TCR AflR KOHKpeTHOY! CTPYKTYPbl \.13 rpaHJII~HbiX YCflOBJI!i-1. 

/10/ 

onpe,Qe-

( poCTOM nOflR 8 C\.1CT€M€ Ha~\.1Ha~T npoABflATbCR H€fl\.1H€~H~e 
3¢$eKTbr, T. e. pacTeT eem1~\.1Ha 8 (E) . 

DnA nony~eHJIIA H€KOTopwx KOfl\.14ecTBeHHbiX 3aB\.1C\.1MQCTeYT ~Hc
neHHO pewanacb cneAY~~aA C\.1cTeMa ypaeHeH\.1~. 

r col s· . E = + BH ' m r/J /11 a/ 
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C\.1cTeMa ypasHeH\.1~ /9/ pewanacb MeTo,QoM PyHre - KyTTa Ha 
6biCTPo,Qe~CTBY~~e~ 3BM np\.1 Cfl€,QYIO~I-1X HaLiaflbHbiX YCfloB\.1RX: 1/J = 0, 
E = EH , E = 0 , ¢ = 0 , A = (J 0 . ttfcnonbaosam1cb aHaLleHHR 
nocTOAHHbrx: y

0
=2, y=4, >-. 0 ~10 CM,J

0 =10 KA, f~~) ... 0,1, a=. 
=1 CM, .To =Jpe3 . 

3aMeT!.1M, LITO \.13 
Ta npe,QCTaeneHbl Ha 
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/10/ cne,QyeT: s2 = 0,15. PeaynbTaTbl pac4e
p!.1c.1-4. Ha p1.1c.l noKa3aH~ Me,qneHH~e Kane-
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P11c. 1. 3aBHCffiviOCTb orH6aiOmHx 
HanpH:>KeHHOCTH f10J1.H H ITQTeHIJ;H
a.na OT i0J. 

PHC.2. 3aBHCliJVIOCTb Ez, 0 
OT (</;/. 
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PHc.4. 3aBHCHMoCTb BpeMeHH 
HaXO~geHHR ~aCTHIJ; OT HX OTHO
CHTeJibHOH: 3HeprHH. 

6aHvrR orvr6aiOLI..lVIX E vr ¢. BvrAHO, l.lTO a Hal.lane none pacTeT nvr-Hel1HO, BbiXOAV!T Ha H8KOT0Pbll1 MaKCV!MYM, 3aTeM eTCR. MaKCV!MYM HanpRmeHHOCTV! nonR AOCTvrraeT 

aMnnvrTyAa yMeHbwa-
750 K8/CM np" 

2 "m0c 2 lj;m = 60. 3To 3Hal.leHvre 6nvr3KO K 048HKe no r:popMyne: E z :::, ---;r--, A= AofJ ;2yo "3 /2/ • np" 3TOM 8 ""cneHHbiX pacyeTax ¢MAX:::Q,8 ¢.' ¢ =(y -y), T.e. fJ = 0. A;mn"TYAa 8en"Y"Hbl ¢ 8 o6nacT" OT-
s 0 e 
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PI-H~arenbHbtX 3Ha'-leHI-1i1 6onbwe, 4€M B o6nacn1 nono»o.nenbHbiX cP. 
3ai-1€THM' l..lTO c poCTOM rBc:;) aMnmny,Qa Ez pacrer' a speMR ,QO-
CT~meHHR MaKCHMyMa nOilR COKpa~aeTCA /TaK, npH f~~) = 0,15, 
Em ~ 755 KB/cM, .Pm = 54/. C poCTOM TaKa nY~Ka Em TaKme pac-
TeT /npH J 0 = 30 KA, E = 780 KB/cM, 1/J = 74/. m m Ha pHc .2 noKa3aHbt 6btCTPbte Kone6aH\11R c Hapacral0utei1 aMnmny-

AOi1 .QJlA sem·1LlV!H E z , T 0. B1.1.QHO, 4TO, noKa I 81 < 0, 5, 
pocr aMnmny,Qbl - n1·1He~Hbti1. Kone6aHV1fl 8 cYutecrseHHo HeCI-1MMer-
P!.14Hbt. 8 o6nacr1-1 TOPMO)f{€HHR 8 3Ha4V!TeJlbHo 6onbwe, LleM B o6-
nacrH ycKopeHHA. 3ro 3Ha4HT, 4To nonynepHoA Kone6aH\11i::r T 

1 

2)1+8 
m'IYVIHa T 3Ha41.1TenbHo MeHhwe. 

Hec~-tMM€TPJ..1A Kone6aHHilr 1:; 1-1 0 npHBO.QHT K TOMY, 4TO B€JlH4HHa 

( 
Ye -Yo 

YO 
PRI0\4ei1 Yacn1 

TaKme H€CHMM€TPH4Ha, 4TO BH.QHO H3 pHc.3. 8 YCKO

nepHo,Qa ~y 60JlbW€, 4€M B TOPM03AUl€i:1. 3TO CB.A-e 
3aHO C TeM, ~TO YaCT~~a HaXOA~TC.A B YCKOP.A~~eM none AOnbWe, 
YeM B TOPM03.AUl€M. 3To B~AHO ~3 p~c.4, rAe noKa3aHa 3aB~C~MOCTb 
epeMeH~ HaXO~AeH~.A r YaCT~~ 8 pa3n~4HWX yaCT.AX nann KaK ¢YHK-

~·Y ·Y - Y 4HH __ e = e 0 

Yo Yo 
epeM.A 6onbwe, 4eM TaM, rAe £\-y

9 
<0. 

. B~AHO, YTO B o6naCT~, rAe f\..y > 0 • 

TaK~M o6pa3oM, B3a~MoAe~cTB~e 3apn~eHHoro nYYKa co ecTpe4-
Hoi1 eonHo~ np~ BblnonHeH~t-1 pe3oHaHcHoro ycnoa~n a c~cTeMe aon
Ha - ny40K C OKpyweH~eM np~BOA~T K nony~eH~~ 6erYUl~X BOnH 
C B€CbMa BWCOKO~ HanpnmeHHOCTb~ 3neKTP~4eCKoro nonn. 
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